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(54) Adjustable damper 

(57) A resilient mount (2) for resiliently supporting a 
member on a body comprising body fixing means (6) 
for fixing the mount to the body, member fixing means 
(4) for fixing the mount to the member and resilient in- 
terconnection means (16,18) interconnecting the body 



fixing means (6) and the member fixing means (4), the 
resilient interconnection means (16,18) including a ma- 
terial of adjustable stiffness (18) whereby the stiffness 
of the interconnection between the body fixing means 
(6) and member fixing means (4) may be controllably 
varied. 
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Description 

[0001] The invention relates to a resilient mount, a 
damper for a vibrating object and a method of manufac- 
turing an elastomeric component having variable stiff- 
ness. 

[0002] According to a first aspect of the invention, 
there is provided a resilient mount for resiliency support- 
ing a member on a body, comprising body fixing means 
for fixing the mount to the body, member fixing means 
for fixing the mount to the member, and resilient inter- 
connection means interconnecting the body fixing 
means and the member fixing means, the resilient inter- 
connection means including a material of adjustable 
stiffness whereby the stiffness of the interconnection be- 
tween the body fixing means and member fixing means 
may be controllably varied. 

[0003] According to a second aspect the invention 
provides a resilient mount for damping vibrations be- 
tween a member and a body, comprising body fixing 
means for fixing the mount to the body, member fixing 
means for fixing the mount to the member, resilient in- 
terconnection means interconnecting the body fixing 
means and the member fixing means, the resilient inter- 
connection means at least partly defining a first chamber 
for containing a fluid, means defining a second chamber 
in fluid communication with the first chamber whereby 
the said vibrations cause fluid transfer between the two 
chambers, characterised in that the resilient intercon- 
nection means includes a material of adjustable stiff- 
ness whereby the stiffness of the interconnection be- 
tween the body fixing means and member fixing means 
may be controllably varied. 

[0004] In a third aspect, the invention provides a 
damper for a vibratable object, comprising resilient in- 
terconnection means arranged to have adjustable stiff- 
ness and coupled to a mass and coupleable to the vi- 
bratable object, characterised in that the mass is sub- 
stantially free to vibrate in response to variation in the 
stiffness of the resilient interconnection means whereby 
to tend to damp vibrations of the object. 
[0005] In a fourth aspect, the invention provides a 
method of manufacturing an elastomeric material hav- 
ing a stiffness which is variable in response to an applied 
magnetic or electrical field comprising providing an elas- 
tomeric material containing particles having high mag- 
netic permeability or dielectric permittivity respectively 
and moulding the material in the presence of a varying 
magnetic or electrical field respectively. 
[0006] Engine mounts, dampers and a method of 
manufacturing an elastomeric material, all according to 
the invention, will now be described by way of example 
with reference to the drawings in which:- 

Figure 1 is a sectional view of one of the engine 
mounts; 

Figure 2 is a sectional view of another of the hydroe- 



lastic engine mounts; 

Figure 3 is a sectional view of a further one of the 
engine mounts; 

5 

Figure 4 is a sectional view of yet another one of 
the engine mounts with electrorheological damp- 
ers; 

10 Figure 5 is a sectional view of a further one of the 
engine mounts, with pressure-controlled dampers; 

Figure 6 is a sectional view of one of the dampers; 

15 Figure 7 is a sectional view of another of the damp- 
ers; 

Figure 8 is a sectional view of a further one of the 
dampers; 

20 

Figure 9a is a schematic view of the elastomeric 
material; 

Figure 9b is a schematic view of a modified form of 
25 the elastomer with a magnetic or electrical field ap- 
plied in a different direction from that of Figure 9a; 
and 

Figure 9c is a schematic view of a further form of 
30 the elastomeric material. 

[0007] With reference to Figure 1 , an engine mount 2 
has engine fixing means 4 for fixing to a vehicle engine 
and body fixin g means 6 for fixing to a vehicle body. This 
35 mount (and the other similar mounts described below) 
is generally circular in plan view. 

[0008] The mount has a working chamber 8 and a 
compensation chamber 10. The compensation cham- 
ber has a resiliency flexible wall 12 and the two cham- 

40 bers are interconnected via a hydraulic conduit 14. The 
body and engine fixing means 6 and 4 are interconnect- 
ed by an elastomeric member formed from conventional 
elastomer 1 6 and a modified elastomer 1 8. The modified 
elastomer 18 has a stiffness which varies in response 

45 to an applied electrical field. An electrical winding 20 is 
wound around each portion of the modified elastomer 
18 and may be used to generate an electrical field 
around the modified elastomer 18. 
[0009] The mount 2 is fixed to the vehicle using the 

so body fixing means 6. The mount is then used to support 
an engine which is fixed to the engine fixing means 4. 
As the engine vibrates, the engine fixing means 4 is al- 
lowed to move relative to the body fixing means 6 as a 
result of the resilience of the elastomeric arch formed 

55 by the conventional elastomer 16 and modified elas- 
tomer 18. As the arch vibrates, the volume of the work- 
ing chamber 8 changes and as a result, the fluid pres- 
sure within that chamber also changes. Since the wall 
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12 is flexible, the fluid pressure in the compensation 
chamber 10 is generally at atmospheric pressure. Thus 
as the fluid pressure in the working chamber 8 fluctu- 
ates, fluid flows between the working chamber 8 and the 
compensation chamber 10 via the conduit 14. The 
movement ol the mass of fluid in the working chamber 
8 has a damping effect on the movement of the elasto- 
meric arch and thus dampens vibration transmission be- 
tween the engine fixing means 4 and the body fixing 
means 6. 

[0010] Direct and/or alternating current may be 
passed through the windings 20 to generate a field of 
predetermined orientation and magnitude, in the region 
ol the modified elastomer 18. In this way the stiffness of 
the resilient interconnection between the body and en- 
gine fixing means 6 and 4 may be adjusted. This allows 
the damping characteristics of the hydroelastic engine 
mount 2 to be dynamically adjusted to maximise isola- 
tion of engine vibrations from the vehicle body, and 
therefore from the passenger compartment of the vehi- 
cle. 

[0011] Figure 2 shows a modified form of the hydroe- 
lastic mount of Figure 1 . In the mount of Figure 2, damp- 
ing masses 22 and 24 are located on the modified elas- 
tomer 18 and on a bridging component 26 respectively. 
Th e bridging component 26 closes the top of the working 
chamber 8 and conveniently allows the modified elas- 
tomer 18 to be assembled to the lower part of the hy- 
droelastic mount after the working chamber 8 has been 
closed by the bridging component 26. A similar bridging 
component 26 is shown in Figure 1 . In that case, the 
bridging component 26 not only closes the working 
chamber S but also serves to complete the electrical cir- 
cuit of the windings 20. 

[0012] Figure 3 shows a cross-section through an al- 
ternative engine mount which shows that the principles 
of Figures 1 and 2 are applicable to non-hydroelastic 
mounts. The mount of Figure 3 includes a modified elas- 
tomer 18a which is sensitive to an applied magnetic 
field, in contrast to the modified elastomer 1 8 of Figures 
1 and 2 which is sensitive to an applied electrical field. 
In the mount of Figure 3, an electrically conductive wind- 
ing 30 wound around a former 32 generates a magnetic 
field in the circuit formed by the former 32, intermediate 
windings 34 formed on the modified elastomer 1 8a and 
a magnetically conductive bridging component 36. 
[0013] The mount of Figure 3 also includes a second 
magnetic circuit oriented perpendicularly to the circuit 
described above (i.e. passing through the plane of the 
Figure). The second circuit is formed by the magnetical- 
ly conductive components 38 and 40 shown in the Fig- 
ure. A protective membrane 42 is formed on the lower 
surface of the magnetically conductive component 38. 
[0014] The operation of the engine mount of Figure 3 
is similar to that of Figures 1 and 2 in that the strength 
of the magnetic field is controlled by adjusting current in 
the electromagnet 30. In this way, the stiffness of the 
modified elastomer 18a is adjusted. By providing two dif- 



ferently orientated magnetic fields, the stiffness of the 
modified elastomer 18a may be varied also in different 
orientations. This allows greater control over the char- 
acteristics of the engine mount. 
5 [0015] The magnetically conductive component 40 in 
the second magnetic circuit is also isolated from the 
bridging component 36 of the first magnetic circuit by an 
isolating membrane 44. 

[0016] Figure 4 shows a hydroelastic engine mount of 
io similar construction to that shown in Figures 1 and 2. 
However, the elastomeric interconnection between the 
engine and body fixing means 4 and 6 is formed of a 
generally homogenous material 40. Damping masses 
42 are coupled to the elastomeric interconnection 40 via 
15 coupling members 45 which are rigidly fixed to the elas- 
tomeric interconnection 40. 

[0017] The coupling members 45 are formed from a 
modified elastomeric material such as materials 1 8 and 
18a of Figures 1 to 3. Thus by applying a magnetic (or 
20 as shown in the Figure) an electrical field, the resonance 
of the oscillatory system formed by the coupling mem- 
bers 45 and the masses 42 may be varied. This in turn 
varies the damping characteristics of the hydroelastic 
engine mount. 

25 [0018] Figure 5 shows an alternative embodiment in 
which the coupling means 45 of Figure 4 is replaced by 
a fluid-filled chamber 46. By varying the pressure of the 
fluid in the chamber 46, the stiffness of the interconnec- 
tion may be varied. 

30 [0019] It should be noted that in the embodiments of 
Figures 4 and 5, the coupling means 45 and 46 expand 
and contract as their stiffness is varied. Thus the mass 
42 is caused to move. This effect may be used in an 
"active" damper, for example to generate vibrations in 

55 antiphase to the vibrations present in the engine mount. 
This is achieved by applying predetermined alternating 
components to the control signal (the applied voltage in 
the embodiment of Figure 4 and the pressure variations 
in the embodiment of Figure 5) to cause the mass to 

40 vibrate. 

[0020] Figure 6 shows a development of the idea of 
an active damper. The damper 50 is attached to a vi- 
brating object such as an engine mount or a vehicle 
body 52 by means of a mount 54. An electrically con- 

45 ductive winding 56 is wound on a magnetically conduc- 
tive former 58. The former forms a magnetic circuit 
which passes through elastomer blocks 60. The elas- 
tomer blocks 60 are sensitive to an applied magnetic 
field and are caused to contract and expand when such 

50 a field is applied. 

[0021] In this way, a control current supplied to the 
winding 56 causes the mass formed by the former 58 
and the winding 56 to vibrate since it is suspended only 
by the vibrating blocks 60. It will be noted that the static 

55 stiffness of the oscillating structure may be adjusted by 
a non-alternating component of the control signal sup- 
plied to the winding 56. This serves to adjust the reso- 
nant frequency of the damping structure. An alternating 
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component of the control signal may be used addition- 
ally as described above to generate vibration in an- 
tiphase further to enhance the damping effect on the vi- 
brating object 52. 

[0022] Many variations to this general idea of mount- 
ing a damping mass to a vibrating object via a mechan- 
ical interconnection having variable stiffness and/or di- 
mensions may be made. For example, the modification 
shown in Figure 7 includes electrodes 62 which are fixed 
on the object 52 and which serve further to control move- 
ment of the mass in directions other than that controlled 
by the winding 56. The electrodes as shown in the Fig- 
ure serve to control movement of the mass generally 
along the dotted lines A. For control in other directions, 
for example, through the plane of the Figure, electrodes 
may be mounted above and below the plane of the Fig- 
ure to generate a field passing through the Figure. Sim- 
ilarly, additional magnetic circuits having fields oriented 
along different axes could be included in the damper to 
control stiffness and generate vibrations in different di- 
rections thus providing "3D" control of the mass 58. 
[0023] Figure 8 shows a further variation in which a 
central electrical winding 70 is mounted on a central 
magnetically conductive component 72. The winding 70 
generates a magnetic field and the circuit passes 
through elastomeric blocks 74 and through outer mag- 
netically conductive components 76. The damper may 
also be fixed at its lower end 78 thus providing a variable 
stiffness coupling between the object 52 and an object 
attached to the mounting 78. 

[0024] The mounts and dampers described above 
use materials which react to magnetic or electrical fields. 
Such materials may be produced by including particles 
having high dielectric permittivity or magnetic permea- 
bility (for electrical or magnetic sensitivity respectively) 
which are sensitive to an electrical or magnetic field re- 
spectively. These particles are incorporated in the ma- 
terial (typically an elastomer) during moulding. 
[0025] Typically the moulding process is carried out 
in an electrical/magnetic field so that the particles are 
aligned in the material once it has set. In this way "fibres" 
of the particles are created. The applied field during set- 
ting may be static or may also include an alternating high 
frequency component. 

[0026] Furthermore, a part being moulded may be ro- 
tated during setting to cause sedimentation of the par- 
ticles at the edge of the part. Rotation during setting may 
also be used to orient the particles in sheets to obtain 
something approaching wound 'fibres". Similar effects 
to rotation may also be obtained using a reciprocating 
or oscillatory motion during setting. 
[0027] Several different effects may be obtained us- 
ing these materials. For example, an increase of the 
stiffness of the elastomer material may be obtained by 
aligning the fibres in the direction of stretching or com- 
pression of the material. When a field is applied in the 
same direction as the fibres (which is also the same di- 
rection as the field which should be applied during set- 



ting) the stiffness of the elastomer in that direction is in- 
creased. 

[0028] Alternatively, the elastomer may be softened 
by the application of a field. In this case, the field which 
5 softens the elastomer is applied in a direction perpen- 
dicular to the orientation of the "fibres" (which is also 
perpendicular to the direction of the field applied during 
setting). 

[0029] These two possibilities are shown in Figures 
9A and 9B respectively. An elastomeric material 80 has 
fibres which are aligned as shown generally by dotted 
lines 82. A field applied during setting is shown by ar- 
rows B and the field applied in operation is shown by 
arrows C. 

[0030] In the case of Figure 9B, the fibres are caused 
to deviate when the field is applied in operation which 
tends to provide reduced stiffness in the direction gen- 
erally of arrow B. 

[0031] Figure 9C shows how the shear stiffness of a 
system may be increased. When the field C is applied, 
the fibres tend to bunch as shown by the dotted lines 
84. This increases the stiffness between the electrode 
plates 86 in the shear direction generally parallel with 
the direction of the field applied during setting B, 



Claims 

1. A resilient mount for resiliently supporting a mem- 
ber on a body, characterised by body fixing means 
(6) for fixing the mount to the body, member fixing 
means (4) for fixing the mount to the member, and 
resilient interconnection means (16,18) intercon- 
necting the body fixing means (6) and the member 
fixing means (4), the resilient interconnection 
means including a material (18) of adjustable stiff- 
ness whereby the stiffness of the interconnection 
between the body fixing means (6) and member fix- 
ing means (4) may be controllably varied. 

2. A resilient mount for damping vibrations between a 
member and a body, comprising body fixing means 
(6) for fixing the mount to the body, member fixing 
means (4) for fixing the mount to the member, resil- 
ient interconnection means (16,18) interconnecting 
the body fixing means (6) and the member fixing 
means (4), the resilient interconnection means 
(16,18) at least partly defining a first chamber (8) 
for containing a fluid, means defining a second 
chamber (10) in fluid communication with the first 
chamber (8) whereby the said vibrations cause fluid 
transfer between the two chambers (10,8), charac- 
terised in that the resilient interconnection means 
(16,18) includes a material (18) of adjustable stiff- 
ness whereby the stiffness of the interconnection 
between the body fixing means (6) and member fix- 
ing means (4) may be controllably varied. 



75 



20 



25 



30 



35 



40 



45 



50 



4 



7 



EP 1 048 876 A2 



8 



3. A resilient mount according to claims 1 or 2, char- 
acterised in that the stiffness of the adjustable ma- 
terial (18) is varied by generating an electrical field 
in the region of the material (18). 

4. A resilient mount according to any preceding claim, 
characterised in that the stiffness of the adjustable 
material (18A) is varied by generating a magnetic 
field in the region of the material (18A). 

5. A resilient mount according to any preceding claim, 
characterised in that the stiffness of the adjustable 
material (1BA) is in a plurality of directions and 
wherein the stiffness in each of those directions is 
controllable separately. 

6. A resilient mount according to claim 2, character- 
ised in that the resilient interconnection means 
(1 6, 1 8) is of hollow cone shape, with the adjustable 
material (18) being incorporated therein in the form 
of a f rusto-conically shaped ring. 

7. A resilient mount according to claim 6, character- 
ised in that a wall (26) extends across the interior 
of the hollow cone shape adjacent the larger diam- 
eter end of the frusto-conically shaped ring of the 
adjustable material (18) and partly defines the first 
working chamber (8). 

8. A resilient mount according to claim 6, character- 
ised in that the stiffness of the adjustable material 
(18) is varied by generating an electrical field in the 
region of the material (18), and in that the said wall 
(26) forms part of an electrical circuit for generating 
the field. 

9. A resilient mount according to claims 7 or 8, char- 
acterised by a damping mass (24) carried by the 
said wall (26). 

10. A resilient mount according to any preceding claim, 
characterised in that the member is a vehicle engine 
and the body is a vehicle body. 

11. A damper for a vibratable object, comprising resil- 
ient interconnection means (45,46,60,74) arranged 
to have adjustable stiffness and coupled to a mass 
(42,50,76) and coupleable to the vibratable object, 
characterised in that the mass (42,50,76) is sub- 
stantially free to vibrate in response to variation in 
the stiffness of the resilient interconnection means 
(45,46,60,74) whereby to tend to damp vibrations 
of the object. 

12. A damper according to claim 11, characterised in 
that the stiffness of the resilient interconnection 
means (45,60,74) is varied by generating a magnet- 
ic field in the region ol the interconnection means 



(45,60,74). 

13. A damper according to claim 11 or claim 12, char- 
acterised in that the stiffness of the resilient inter- 

5 connection means is varied by applying an electri- 

cal field. 

14. A damper according to claim 11 . characterised in 
that the resilient interconnection means (46) in- 

10 eludes afluid-filled chamber and in that the stiffness 
of the resilient interconnection means (46) is varied 
by adjusting the fluid pressure within the fluid-filled 
chamber. 

'5 1 5. A damper according to any of claims 11 to 1 4, char- 
acterised by a damper control system operable to 
vary the stiffness of the resilient interconnection 
means (45,46,60,74) in response to the vibration of 
the object. 

20 

16. A damper according to any of claims 1 1 to 1 5, char- 
acterised in that the resilient interconnection means 
(45,46,60,74) is operable to cause relative move- 
ment between the mass (42,50) and the vibrating 

25 object whereby the mass (42,50) may be caused to 
oscillate generally in antiphase with the object. 

17. A damper according to any of claims 11 to 16, char- 
acterised by a plurality of resilient interconnection 

so means each oriented generally along different re- 
spective directions, the resilient interconnection 
means of each direction being respectively adjust- 
able. 

35 1 8. A method of manufacturing an elastomeric material 
having a stiffness which is variable in response to 
an applied magnetic or electrical field : character- 
ised by the steps of providing an elastomeric mate- 
rial containing particles having high magnetic per- 

40 meability or dielectric permittivity respectively and 
moulding the material in the presence of an applied 
varying magnetic or electrical field respectively. 

19. A method according to claim 18, characterised in 
45 that the applied field includes an alternating com- 
ponent. 

20. A method according to claim 18 or claim 19, char- 
acterised in that the applied field includes a non- 
50 alternating component. 

21 . A m ethod accord in g to any of clai ms 1 8 to 20 , char- 
acterised by producing relative movement between 
the elastomeric material and the applied field during 

55 reticulation of the material. 

22. A method accordin g to any of claims 1 8 to 21 , char- 
acterised by the step of reciprocating the compo- 
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